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INTRODUCTION: 

Trauma  is  the  leading  eause  of  death  in  persons  under  the  age  of  40  years  old.'  Approximately  40%  of 
traumatie  deaths  are  assoeiated  with  uneontrolled  bleeding  and  oeeur  within  the  first  several  hours 
following  injury.  Up  to  25%  of  trauma  patients  are  eoagulopathie  on  arrival  to  the  emergeney 
department  and  eoagulopathy  alone  is  direetly  assoeiated  with  inereased  mortality.  Transfusion  of  high 
ratios  of  fresh  frozen  plasma  (FTP)  to  platelets  to  red  blood  eell  (RBC)  transfusions  results  in  improved 
survival  in  massively  transfused  trauma  patients"'"^  and  an  overall  inerease  in  the  amount  of  FFP 
administered  may  alone  be  benefieial  regardless  of  the  final  FFPiRBC  ratio  given. However, 
several  logistieal  limitations  assoeiated  with  storage  and  thawing  requirements  hinder  FFP’s  availability 
outside  of  the  hospital  setting  and  preelude  its  use  in  remote  rural  settings  and  in  the  military  theater. 
Lyophilized  plasma  (LP)  has  several  logistieal  advantages  eompared  to  FFP.  LP  is  freeze-dried  plasma 
that  is  stable  at  room  temperature  for  up  to  15  months  and  up  to  24  months  if  refrigerated.  LP 
reeonstituted  to  its  original  plasma  resulted  in  less  overall  blood  loss  when  transfused  1 ;  1  with  RBCs  in 
a  swine  model  of  polytrauma  and  severe  hemorrhage.  Our  previous  study  showed  that  redueing  the 
volume  needed  to  reeonstitute  LP  by  50%  resulted  in  a  safe  infusate  with  equivalent  hemostatie  effieaey 
when  used  in  the  same  swine  model.'"'  To  further  optimize  the  low  volume  LP  solution,  we  proposed  to 
eompare  the  hemostatie  effieaey  and  physiologie  response  of  LP  solutions  reeonstituted  using  sterile 
water,  normal  saline,  laetated  Ringer’s,  and  Hextend  . 


4 


BODY: 


Specific  Aim  2  Materials  -  To  determine  the  optimal  fluid  at  50%  normal  volume  for 
reconstituting  lyophilized  plasma  without  reducing  its  efficacy  in  a  multiple  injury  model  of 
hemorrhagic  shock  in  swine. 

This  model  was  developed  at  Oregon  Health  &  Seience  University  (OHSU),  and  approved  by  the 
Institutional  Animal  Care  and  Use  Committee. 

Female  Yorkshire  Crossbred  swine  underwent  the  following  polytrauma  protoeol  to  assess  the 
effieaey  that  lyophilized  plasma  reeonstituted  with  a  smaller  volume  will  result  in  similar  or  better 
results  than  fully  reeonstituted  lyophilized  plasma. 

Specific  Aim  2  Methods  - 

Blood  Collection  for  Plasma  Preparation 

All  experimental  proeedures  were  done  in  aeeordanee  with  the  guidelines  of  the  Institutional 
Animal  Care  and  Use  Committee  at  Oregon  Health  &  Seienee  University.  Blood  produets  were  obtained 
from  juvenile  female  Yorkshire  erossbred  swine.  The  earotid  artery  was  sterilely  eannulated,  animals 
were  exsanguinated  and  blood  was  eolleeted  into  eitrated  blood  donation  bags  (Teruflex;  Terumo 
Medieal  Corp,  Tokyo,  Japan).  Whole  blood  was  eentrifuged  at  5000g  for  9  minutes  at  4°C.  Plasma  was 
removed  using  a  plasma  extraetor  (Baxter  Healtheare,  Deerfield,  Illinois)  and  stored  at  -20°C  for 
transport  to  a  laboratory  (HemCon  Medieal  Teehnologies,  Ine,  Portland,  Oregon)  for  lyophilization.  LP 
was  reeonstituted  to  half  its  original  plasma  volume  with  one  of  the  test  solutions:  sterile  water,  normal 
saline,  lactated  Ringer’s,  and  Hextend  .  Aseorbic  aeid  (AA)  was  added  to  all  four  fluids  at  a  pre¬ 
determined  ratio  for  pH  adjustment. 

Animal  Model: 

Forty  juvenile,  female  Yorkshire  erossbred  swine  were  subjeeted  to  a  well-validated  swine 
model  of  severe  injury  and  hemorrhagie  shoek  (Figure  1).  Animals  were  fasted  for  16  hours  the  day 
before  surgery.  Water  was  available  ad  libitum.  A  single  vendor  was  utilized  to  eliminate  potential 
differenees  in  animal  strain. 

Anesthesia 

On  the  day  of  the  experiment  animals  were  given  an  induction  agent  consisting  of  8  mg/kg 
Telazol®  (tiletamine  hydrochloride  50  mg/ml,  zolazepam  hydrochloride  50  mg/ml.  Fort  Dodge  Animal 
Health,  Fort  Dodge,  Iowa)  given  intramuscularly.  Animals  were  placed  in  the  supine  position. 
Orotracheal  intubation  was  performed  and  a  7.5mm  internal  diameter  cuffed  endotracheal  tube  was 
placed.  The  endotracheal  tube  was  connected  to  the  anesthesia  machine  with  1-3%  isofiurane  for 
anesthetic  maintenance  in  50%  oxygen.  Tidal  volume  was  fixed  at  10  ml/kg  with  a  rate  of  10  breaths  per 
minute.  An  esophageal  stethoscope,  gastric  tube  and  thermometer  were  inserted.  An  EKG  monitor  was 
secured  and  continuous  monitoring  started.  Throughout  the  study,  anesthesia  was  maintained  to  the 
clinical  endpoints  of  reflexes  and  muscle  relaxation  as  is  done  in  humans. 

Monitoring,  access  and  pre-experiment  procedures 

After  swine  were  anesthetized  a  left  cervical  cutdown  was  performed  and  polyethylene  catheters 
were  inserted  respectively  into  the  left  common  carotid  and  left  external  jugular  vein.  The  arterial  line 
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was  utilized  for  the  controlled  hemorrhage  and  blood  sampling  throughout  the  experiment  while  the 
venous  line  was  used  for  administration  of  bolus  resuscitation  fluids  and  TXA.  Finally,  a  proximal 
femoral  cutdown  was  performed  and  the  artery  was  cannulated  for  continuous  blood  pressure 
monitoring.  Mean  arterial  pressure  (MAP)  was  continuously  recorded  and  averaged  every  10  seconds 
with  a  blood  pressure  analyzer  and  digital  data  collection  system  (DigiMed,  Louisville,  KY).  Baseline 
labs  were  collected  and  included  electrolytes,  lactate,  spun  hematocrit  (Hot),  activated  clotting  time 
(ACT),  platelets,  INR,  partial  thromboplastin  time  (PTT),  and  arterial  blood  gas  (ABG).  In  addition,  a 
baseline  thrombelastogram  (TEG,  Haemoscope  Corporation,  Niles,  IL)  was  performed.  A  celiotomy 
was  then  performed,  at  which  time  a  suprapubic  bladder  catheter  was  placed  to  monitor  urine  output. 

Injury  Phase 

After  needle  localization,  a  captive  bolt  gun  was  used  to  fracture  the  femur  and  create  a  soft 
tissue  injury  at  the  mid-shaft  of  the  left  femur.  A  controlled  hemorrhage  was  then  initiated  to  remove 
60%  of  the  blood  volume  based  on  a  published,  standard  equation  relating  blood  volume  to  body  weight 
for  domestic  swine.  During  hemorrhage  if  the  mean  arterial  blood  pressure  (MAP)  fell  below 
25mm/Hg,  normal  saline  (NS)  was  infused  at  a  rate  of  165  ml/min  to  keep  the  MAP  >  25  mm/Hg.  The 
animal  was  also  cooled  to  33  ±  0.4°C  using  cooled  intraperitoneal  lavage  with  crystalloid  as  needed 
(most  of  the  animals  developed  a  degree  of  hypothermia  spontaneously  due  to  shock  and  infusion  of  IV 
fluids).  These  procedures  were  followed  by  a  30-minute  shock  period,  representing  time  in  the  field 
prior  to  medical  intervention. 

Prehospital  care/transport  phase 

After  the  30-minute  shock  period,  electrolytes,  spun  hematocrit,  ACT,  ABG,  and  TEG  were 
again  recorded.  Blood  samples  were  collected  for  platelet  values  and  coagulation  studies.  After  sample 
collection,  the  hemorrhage  volume  was  replaced  with  a  3:1  ratio  of  NS  infused  at  a  rate  of  165  ml/min, 
minus  any  given  during  the  controlled  hemorrhage  to  induce  acidosis  and  coagulopathy.  This  reflects 
current  civilian  pre-hospital  resuscitative  practices. 

Operative  phase 

Following  NS  resuscitation,  a  15-minute  stabilization  period  was  observed;  during  which  a 
baseline  MAP  was  recorded  and  pre -weighed  laparotomy  sponges  were  placed  in  both  paracolic  gutters 
and  in  the  pelvis  for  blood  collection.  Blood  samples  for  point-of-care  and  laboratory  studies  were  again 
collected,  and  a  previously  described  grade  V  liver  injury  was  created  at  the  confluence  of  the  right  and 
middle  hepatic  veins  using  a  specialized  clamp.  The  liver  injury  was  designed  to  provide  a  second 
stressor  after  initial  injury  and  also  to  create  a  standardized  injury  that  had  the  potential  to  re-bleed,  both 
of  which  simulate  a  laparotomy  after  trauma  in  a  patient  with  solid  organ  injury. 

Thirty  seconds  of  hemorrhage  were  then  followed  by  evacuation  of  blood  from  the  abdomen. 
Following  the  uncontrolled  hemorrhage  period,  the  liver  was  packed  tightly  with  laparotomy  sponges. 
Swine  were  randomized  to  receive  one  of  four  different  low-volume  LP  solutions  reconstituted  with  1) 
sterile  water  (LP-SW),  2)  normal  saline  (LP-NS),  3)  lactated  Ringer’s  (LP-LR),  or  4)  Hextend®  (LP- 
Hx).  Study  fluid  resuscitation  was  initiated  at  the  time  of  liver  packing.  The  animal  was  also  re-warmed 
to  37°C,  and  the  abdomen  closed  with  towel  clips. 


6 


Follow-up 

Animals  were  monitored  for  4  hours  post  injury  or  to  death.  Blood  samples  were  eollected  at  1, 
2,  3,  and  4  hours.  A  MAP  below  15  mmHg  signified  death,  and  the  time  of  death  was  reeorded.  Animals 
surviving  4  hours  were  euthanized  with  Euthasol. 

Lung  tissue  was  eolleeted  at  the  end  of  4  hours  or  at  deelaration  of  death  for  rt-PCR  analysis. 
Tissue  was  stored  in  RNA  later.  A  neeropsy  was  performed  and  the  liver  injury  graded  using  the 
Ameriean  Assoeiation  for  the  Surgery  of  Trauma  (AAST)  liver  injury  grading  system  to  ensure 
adequaey  and  similarity  of  injuries  between  groups. 

Heart  (HR)  rate  and  MAP  were  eontinuously  reeorded  throughout  the  study.  Blood  loss 
following  liver  injury  was  earefully  reeorded  with  the  use  of  pre -weighed  laparotomy  sponges  and  pre¬ 
weighed  suetion  eanisters. 

Study  Variables 

Physiologie  variables  ineluded  survival,  MAP,  blood  loss  from  the  eontrolled  hemorrhage,  and 
blood  loss  due  to  the  liver  injury.  Point-of-eare  laboratory  values  ineluded  TEG,  Hot,  laetate,  platelets, 
ABG,  and  eleetrolytes.  Additional  assays  eompleted  after  the  experiment  inelude  INR,  PTT,  fibrinogen, 
IL-6,  IL-8,  IE- 10,  and  TNF-a. 

Statistical  Analysis 

Variables  were  assessed  for  normal  distribution.  Normally  distributed  data  were  reported  as 
means  with  standard  deviations.  Comparisons  between  groups  at  various  time  points  were  analyzed  by 
independent  t-tests  when  the  data  were  normally  distributed.  Paired-samples  t-tests  were  used  to 
compare  same-group  samples  across  various  time  points.  Significance  was  denoted  at  p  <  0.05.  Data 
were  analyzed  utilizing  SPSS  statistical  software,  version  19.0  (IBM  Corp.  Released  2010.  Armonk, 
NY). 

Results 

Of  the  40  swine  randomized  in  the  study,  one  animal  died  shortly  after  infusion  of  the  LP-Hx 
solution  was  completed.  At  baseline,  animals  were  similar  in  weight,  hematocrit,  lactate,  base  excess, 
and  pH  (p>0.05,  all  comparisons). 

There  were  no  differences  between  groups  in  hemodynamic  parameters  (HR  and  MAP,  Figure 
2).  There  were  significant  differences  in  total  blood  loss  between  the  LP-LR  group  and  the  LR-NS  and 
LR-Hx  groups  (p<0.05.  Figure  3).  Additionally,  the  LR-SW  group  lost  the  least  amount  of  blood  over 
the  study  and  was  significantly  lower  compared  to  the  LP-Hx  group  (p<0.05). 

Prior  to  initiation  of  the  LP  study  fluids,  the  changes  in  hematocrit  were  not  different  between 
study  groups  at  any  time  point,  (p>0.05.  Figure  4).  Following  resuscitation,  the  hematocrit  of  the  LP-Hx 
group  was  significantly  lower  than  the  LP-SW  group  at  the  1-hour,  2-hour,  3-hour,  and  4-hour  time 
points  (p<0.05.  Figure  4).  Serum  lactate  increased  in  all  four  fluid  groups.  There  was  a  trend  towards 
higher  serum  lactate  levels  in  the  LP-LR  group  at  1-hour;  however,  there  was  no  statistically  significant 
difference  between  groups  at  any  time  point  (p>0.05.  Figure  4).  Prior  to  resuscitation  with  the  LP  study 
solutions,  all  animals  became  similarly  acidotic  following  NS  resuscitation  following  femur  fracture  and 
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controlled  hemorrhage.  Following  LP  study  solution  resuseitation  the  serum  pH  inereased  in  all  groups 
and  was  not  different  between  LP  fluid  groups  at  any  time  point  thereafter  (p>0.05,  Figure  4). 

The  INR  was  inereased  in  all  animals  following  femur  fraeture,  eontrolled  hemorrhage,  and  NS 
resuseitation  (Figure  5).  There  was  eorreetion  of  the  INR  in  all  four  study  groups  following  resuseitation 
with  the  LP  solutions  following  liver  injury.  However,  the  INR  of  the  LP-Hx  group  remained 
signilieantly  higher  than  the  LP-NS,  LP-LR,  and  LP-SW  groups  at  4-hours,  (p<0.05). 

There  were  no  differenees  in  the  serum  eoneentrations  of  IL-10  and  TNF-a  (p>0.05).  IL-6  serum 
eoneentrations,  however,  were  signilieantly  lower  in  the  LP-SW  group  eompared  to  the  LP-NS  Group 
(p<0.05.  Figure  6). 

KEY  RESEARCH  ACCOMPLISHMENTS  -  Specific  Aim  2 

1 .  LP-SW  showed  less  eoagulopathie  ehanges  following  injury  eompared  to  other  groups. 

2.  Lower  IL-6  eoneentrations  at  end  of  study  in  the  LP-SW  group. 

3.  Less  total  blood  loss  in  the  LP-SW  group. 

4.  No  statistieally  signifioant  differenees  between  the  groups  at  baseline. 

5.  No  statistieally  hemodynamie  differenees  between  animals  following  resuseitation. 

REPORTABLE  OUTCOMES  -  Specific  Aim  2: 

Lee  TH,  MeCully  SP,  MeCully  BH,  Sands  C,  Hampton  DA,  Louis  SG,  Riek  B,  Anderson  N,  Differding 
J,  Sehreiber  MA.  “Comparison  of  the  hemostatie  efficaey  of  low-volume  lyophilized  plasma 
reeonstituted  using  sterile  water,  laetated  Ringer's,  normal  saline,  and  Hextend  solutions.”  J  Trauma 
Aeute  Care  Surg.  2014  Feb;76(2):264-72.  doi;  10.1097/TA.0000000000000109.  PMID:  24458032 
[PubMed  -  in  proeess] 

CONCLUSION: 

Previously,  LP  reeonstituted  to  its  original  plasma  volume  was  shown  to  be  effeetive  in 
hemostatie  resuseitation  using  a  swine  model  of  polytrauma  and  hemorrhage.  Minimizing  full-volume 
LP  solution  into  an  equally  effeetive  low-volume  solution  improved  LP’s  logistical  advantages  over 
FFP.^"^  In  this  study,  we  aimed  to  further  optimize  low -volume  LP  solution  by  evaluating  eommonly 
used  resuseitation  fluids  as  potential  reeonstituting  agents.  Our  results  indieate  that  sterile  water 
reeonstituted  LP  is  associated  with  less  early  and  late  eoagulopathie  changes,  less  inflammation,  and 
similar  hemodynamie  benefits  compared  to  the  other  reeonstituting  fluids  tested. 
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1  Induce  anesthesia 
Orotracheal  intubation 
Esophageal  thermometer 


Baseline 

Labs; 

Electrolyes,  Hct,  Pit,  ABG 
Coagulation  parameters: 
TEG,  PT,  PTT 

3  Femur  fracture 

Controlled  60%  hemorrhage 
Induce  hypothermia  (33  +/-  0.4°C) 


2  Instrumentation 

Vascular  access 
Laparotomy 

Suprapubic  catheterization 


5  3:1  NS  resuscitation  @165  mlAnin 

(minus  fluids  given  during  controlled  hemorrhage  for  MAP<25) 


7  Grade  V  liver  injury 
30  sec  hemorrhage 


8  Initiate  experimental  intervention  here 
Rewarm 

Abdominal  closure 

Observation  period,  other  procedures,  etc 


Figure  1.  Animal  model  study  design 
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t  f 


Femur  Fracture 
Controlled  hemorrhage 


Study  Fluid 


Figure  2.  Mean  arterial  pressure  (MAP)  and  heart  rate  (HR)  of  the  study  fluid  groups  through  the  study 
period.  Pre-Saline;  before  normal  3x  normal  saline  resuscitation,  Pre-Injury;  before  liver  injury. 


Figure  3.  Volume  of  blood  loss  following  liver  injury  of  study  groups.  30  sec;  Blood  loss  measured  30 
seconds  after  uncontrolled  hemorrhage  following  liver  injury,  After  Liver  Injury;  Blood  loss  at  the  end 
of  study.  Total;  Combined  volume  of  30  sec  and  After  Liver  Injury.  *LP-LR  <  LP-NS  and  LP-LR  <  LP- 
Hx,  p  <  0.05;  "^LP-SW  <  LP-Hx,  p  <  0.05. 
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Baseline  Pre-Saline  Pre-Injury  1  HR  2HR  3  HR  4  HR 

t  I 


Femur  Fracture 
Controlled  hemorrhage 


Study  Fluid 


Figure  4.  Hematocrit,  serum  pH,  and  serum  lactate  changes  of  the  study  fluid  groups  through  the  study 
period.  Pre-Saline;  before  normal  3x  normal  saline  resuscitation,  Pre-Injury;  before  liver  injury.  *LP-Hx 
<  LP-SW,  all  time  points  p  <  0.05. 
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Figure  5.  International  normalized  ratio  (INR)  for  the  study  fluid  groups  through  the  study  period.  Pre- 
Saline;  before  normal  3x  normal  saline  resuseitation,  Pre-Injury;  before  liver  injury.  *LP-Hx  >  LP-NS, 
LP-LR,  LP-SW  (all  p  <  0.05). 
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Figure  6.  Serum  eoneentration  of  IL-6  of  the  study  fluid  groups  through  the  study  period.  Pre-Saline; 
before  normal  3x  normal  saline  resuseitation,  Pre-Injury;  before  liver  injury.  *  LP-SW  <  LP-NS  (p<0.05) 
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